Introduction
Since the rise of modern bioethics, the usual approach to an assessment of the ethical issues relating to any new technology involves debates over the meanings of particular terms (for example, the differences, if any, between therapeutic and reproductive cloning), speculation as to the possible harms that may arise, and the application of various ethical theories to help decide how to use the technology in question. While this article is not the place to rehearse the problems with this kind of approach (Fox and Swazey 1984; Hoffmaster 1992 Hoffmaster , 1994 , I want to show how an alternative, empirically based, take on the ethics of a particular technology (pharmacogenetics) strengthens the case made by those who claim that the social sciences have an important role to play in exploring the ethical issues surrounding new technologies (Haimes 2002; DeVries and Conrad 1998; Zussman 2000) .
The core theme of this kind of research is that the ethical problems associated with a particular technology can only be seen in the context in which that technology is actually used. Since most bioethical reasoning 'strips away' the, supposedly extraneous, background and context to any particular case, the kinds of ethical issues raised bear little relation to the actual problems faced by clinicians. As a result, having presented the ethical problems linked to pharmacogenetics, as seen by scientific commentators and bioethicists, this article then presents interview data with clinicians and researchers from Alzheimer's disease and Breast cancer, to show how they view the ethics of pharmacogenetics.
The broad theoretical structure for the research project this article comes from is a constructivist approach to the sociology of technology, summed up as the 'social shaping of technology' (Bijker, Hughes and Pinch 1987; Bijker and Law 1992) . But in the case of this particular article, the ideas underpinning my approach are derived from the work of James Lindemann Nelson and Robert Zussman, who raise important issues for how we assess the ethical impact of particular technologies. In essence, this article is written in This is a pre-copy edited draft. Page numbers do not correspond with final version.
Please do not distribute or cite 3 reaction to the 'linear model' of bioethics decision making, where social scientists provide accurate and interesting descriptions of the lived clinical world, which philosophers then 'programme' into their ethical theories, to produce the finished 'right'
(in two sense of the word) answer (Nelson 2000) . In such a model, the social scientist becomes "a junior partner to the philosopher, someone who responds to ideas generated elsewhere but who generates few if any of his or her own" (Zussman 2000:10) .
The alternative is a contextual approach, which assumes that ethical decisions are not made in some sort of vacuum, but arise in particular social, technical and cultural situations. From this point of view, the place to start any enquiry into healthcare ethics is at the clinical 'coalface', where ethical decisions about, in this case, the use of genetic tests to govern the prescription of pharmaceutical products, are made. By rooting analysis in the decisions that clinicians actually make, we can avoid the feeling that sometimes occurs with more philosophical bioethics, that clinicians exist in some sort of amoral desert until the bioethicist turns up to tell them what they should be doing. The danger of the kind of approach used in this article is that one might lose the critical 'teeth' that bioethics brings when it comes from outside a particular situation. If our ethical assessment is rooted in a particular context, then we run the risk of conservatively simply supporting current clinical practice, regardless of its ethical impact (Zussman 2000: 10) . The trick is, as in so many cases, a question of balance.
Pharmacogenetics: Science And Ethics

Commentators
One interesting part of the debate around pharmacogenetics and pharmacogenomics is the large number of review articles, or commentaries, written by academic and industry scientists. These articles do not present new research results, but rather act as a forum to discuss the direction this new technology is going in and the challenges that have to be faced if pharmacogenetics is to make its way into the clinic (Hedgecoe 2003) .
This is a pre-copy edited draft. Page numbers do not correspond with final version. Please do not distribute or cite 4
One important element of these commentaries is discussion of the ethical issues raised by pharmacogenetics; while not all these articles refer to ethical issues, it is not unusual to find a pharmacologist or senior pharmaceutical company scientist, writing in a science journal, speculating about the ethical impact the use of pharmacogenetics may have on clinical practice.
For the biotechnology and pharmaceutical industries the ethical issues associated with genetic testing are more than just simple talking points, elements of a background discourse. Since the backlash against genetically modified food in Europe, industry has become painfully aware of the possible problems that might arise from failing to take public opinion seriously. In the case of a new genetic technology like pharmacogenetics, the ethical debate is an integral part of bringing a product to market (Hedgecoe and Martin, 2003) . One commentator goes so far as to suggest that the reasons why industry has been resistant to adopting pharmacogenetics as part of drug development lie with "the major societal and ethical considerations of DNA analysis and the regulatory impact of genetics analysis" (Jazwinska 2001: 202) .
The consistent theme in scientists' discussion about the ethics of pharmacogenetics is the need to distinguish pharmacogenetics from other, usually more problematic, technologies. The first distinction is between genetic testing as a whole and more controversial technologies with the word 'genetic' in their name. As Allen Roses, GlaxoSmithKlines's Vice-president for Genomics, and a major proponent of pharmacogenetics puts it: "This is not gene therapy or genetically modified foods or genetic engineering" (Roses 2000 (Roses : 1361 . An important element of this distinction is the need to educate the public: "The lessons learned from the public's outcry to genetically modified food may help refine strategies...that are used to educate both the public and the healthcare professionals alike" (Akhtar 2002:299) .
This process of distinction continues as commentators seek to separate pharmacogenetics from 'traditional' genetic testing which focuses on disease risk and susceptibility. It is regarded as "important to make a clear distinction between the ethical implications of This is a pre-copy edited draft. Page numbers do not correspond with final version. Please do not distribute or cite 5 testing for disease predisposition...and those surrounding tests whose goal is simply to predict the effectiveness of therapies for existing conditions" (Pfost, Boyce-Jacino and Grant 2000:337). Sir Richard Sykes, Chairman of Glaxo-SmithKline, is clear about this when he suggests that "Pharmacogenetics applications will only measure how a patient will respond to a medicine. Thus they are quite distinct from those [genetic] tests considered over the past two decades" (Sykes 1999) .
The means by which distinction is most clearly drawn is on the grounds of novelty.
Firstly, one can substitute a term like 'pharmacogenomics' for the more old fashioned (coined in 1959) 'pharmacogenetics'. While there are no intrinsic differences between the two terms, the '-omics' in pharmacogenomics implies novelty and a separation from what has gone before (Hedegcoe 2003) . In addition, many of these review articles discuss the new technologies that will make pharmacogenetics cost effective and clinically practical:
Single Nucleotide Polymorphisms (SNPs), DNA arrays and bio-informatics. The exact nature of these new technologies is less important to the current argument than the fact that they are presented as revolutionary, novel spin-offs from the Human Genome Project.
As in the previous case of distinguishing testing from GM crops, the motivation is a need to clarify issues for the public, lest they become confused, or panic: "Clear language and differentiation of respective ethical, legal and societal issues are required to prevent inaccurate vernacular usage creating a confused public perception of 'genetic testing' " (Roses 2000 (Roses : 1361 . And this is a viewpoint that has already been tacitly accepted by, at least some regulators. The European Medical Evaluation Agency (EMEA) suggests that "It is important to distinguish between genetic testing for the diagnosis or prognosis of disease and the form of genetic testing performed for pharmacogenetics...generally carries a different magnitude of social, legal and ethical considerations for the patient"
(EMEA 2000).
Of course, one alternative to this is to accept that there may be important ethical problems with pharmacogenetics, but that they are over-ridden by the benefits that will arise: "the This is a pre-copy edited draft. Page numbers do not correspond with final version. Please do not distribute or cite 6 great potential gains from pharmacogenomics, in terms of both patient well-being and cost of healthcare, heavily outweigh the risks" (McLeod and Evans 2001: 115) . Linked to this is the idea that current restrictions on genetic information are preventing such benefits coming about: "Requirements for confidentiality and limitation of using this
[genetic] data...place major constraints on our ability to generate meaningful data...Clearly the need for education, information, and teaching about genetics is large and evident, to put risks in perspective and illuminate the potential benefits of our growing knowledge" (Lindpaintner 1999: 487) . One obvious ethical result of the benefits brought by pharmacogenetics is that "One day it may be considered unethical not to carry out such tests routinely to avoid exposing individuals to doses of drugs that could be harmful to them" (Wolf, Smith and Smith 2000: 989) But it is important to note that some scientific commentators take quite different views and accept that "The pharmacogenomic approach is not without its challenges, not the least of which are the ethics questions surrounding the privacy of genetics data" (Anderson, Fitzgerald and Manasco 1999:267) . One point made by these writers is that it is not necessarily the case that a clear line can be drawn between a pharmacogenetic test, and a test for disease susceptibility: "After all, polymorphisms relevant to drug response may overlap with disease susceptibility, and divulging such information could jeopardise an individual" (Sadée 1999:3). Such overlaps may well be the exception rather than the rule. After all "in pharmacogenomics we are normally only looking at genes in relation to a drug's metabolism or mechanism of action" but this does not rule the possibility that "polymorphisms related to drugs could also be related to diseases" (Rioux 2000:896) .
Ethicists
Although the ethical debates around pharmacogenetics are largely being set by scientific and commercial considerations (Hedgecoe and Martin 2003) , this is not to say that bioethicists have not begun to explore some of the potential problems that may arise with this new technology. As a result, there are a number of articles focusing specifically on the possible ethical, issues raised by pharmacogenetics, as well as at This is a pre-copy edited draft. Page numbers do not correspond with final version. Please do not distribute or cite 7 least one edited collection (Rothstein 2003) , and two reports by committees, one in the US (Buchanan et al 2002.) and one in the UK (Nuffield Council on Bioethics 2003).
Most of these pieces emphasise the ethical issues involved in pharmacogenetic research, specifically, debates surrounding informed consent. Given that informed consent is a 'classic' issue in clinical trials of all kind, this makes a great deal of sense. In the case of pharmacogenetics, the worries are that participants may not understand the reason their DNA is being sampled, or that the imprecise nature of much pharmacogenetic research means that by definition, it is not possible to give participants full information about the uses to which their DNA may be put. Related to this is the concern that if participants in a clinical trial are not given adequate privacy, then their genetic data may 'leak' into the broader community; even if this information is not relevant for disease diagnosis, it may still lead to social or financial stigmatisation (Rothstein and Epps 2001) . One solution to this is to ensure that the participants' DNA, personal and medical data are encoded or encrypted in such a way to prevent any infringement of privacy. But 'full anonymisation' (i.e. the removal of all identifiers, making tracing the participant all but impossible) prevents researchers feeding-back results to patients. Since "it could be argued that researchers have an obligation to pass useful research findings to study participants" (Clarke et al. 2001: 91) , there is clearly a tension between two different sets of values.
Researchers need to protect participants' anonymity, while at the same time ensuring that any positive results from the trial can be fed back. This tension between the needs of the researchers and the protection of confidentiality or privacy crops up in a number of recent ethical reviews (Robertson, 2001; should be cautious about thinking that these two instances will highlight all the ethical problems that will come with the clinical adoption of this new technology.
Pharmacogenetics has to be seen as an extremely heterogeneous technology, and as a result, drawing sweeping generalisations about its social impact is rather difficult.
Two Cases: Alzheimer's Disease And Breast Cancer.
The two case studies I explore in the rest of this article involve Alzheimer's disease and Breast cancer. More specifically, they revolve around: a family of drugs called AcetylCholinesterase Inhibitors and the APOE gene, in Alzheimer's; and the drug Herceptin and the HER2 gene in the case of breast cancer. These two cases cover a number of features that scientific commentators suggest occur in pharmacogenetics. In the case of Alzheimer's, pharmacogenetics involves the retrospective application of genetic testing to already licensed products, an overlap between a 'pharmacogenetic' gene and a more traditional 'disease gene', with different companies having the rights to the drugs and the genetic test. In contrast, Herceptin is a drug specifically designed to interact with a particular gene product, where the manufacturer of the drug also licenses the test and where the drug concerned has made it through the drug approval process as a pharmacogenetic product. In addition both disease are widespread, and incur significant treatment costs. If pharmacogenetics becomes commonly used in the clinic, it will be in these kinds of cases. Rivastigmine ('Exelon'; Novartis); and Galantamine ('Reminyl': Janssen).
In 1995, a research team headed by Judes Poirier at McGill University announced that they had discovered a link between APOE status and response to Tacrine (Poirier et al. 1995) . It had always been a problem with Tacrine (and the other acetyl cholinesterase inhibitors) that there was a wide range of response to the drug, with up to 50% of patients not improving significantly when treated (Farlow et al 1992) . What the McGill group had done was stratify the response rates from a clinical trial of Tacrine according to APOE status. They found that ">80% of apoE4-negative AD patients showed marked improvement after 30 weeks" whereas "60% of apoE4 patients were unchanged or worse after 30 weeks" (Poirier et al 1995: 12260 & 12263) . As a result, APOE E4 status "may be a useful predictor to clinical outcome of...therapies" (Poirier et al 1995:12264) .
The Poirier paper has proved to be extremely popular with commentators on pharmacogenetics, described as "one of the most widely cited pharmacogenomic studies" Exactly why some people's HER2 genes begin to over-express is not clear, but it seems to be the result of an external factor: HER2 over-expression is not an inherited feature of people's genomes, and is thus not something that can be passed from mother to daughter.
Because HER2 status is a feature of the tumour, HER2 testing involves use of breast biopsy material (usually taken upon initial diagnosis). The first line of testing, immunohistochemistry (IHC) uses antibodies to detect HER2 protein levels in a slice of biopsy material. If this test is unclear, then Fluorescent In-Situ Hybrydisation (FISH), which detects levels of the HER2 gene is used.
Themes What do you tell people?
Respecting patients' autonomy in making decisions over treatment, and getting their 'informed consent' is at the core of modern medical ethics. Both in terms of the rules laid down for ethical clinical practice (Levine 1988; Smith, 1999) clinicians' concerns obviously tie into to this. They are also at odds with the perspective of those scientific commentators who claim that pharmacogenetic testing is 'not like' disease gene testing, and that it needs to be assessed in different ways.
In contrast to this, the breast cancer clinicians I spoke to expressed no particular concern over the use of HER2 testing, and did not feel the need to inform their patients of exactly what was going to happen. When asked whether they told patients about Herceptin, prior to tissue being sent to the pathology lab for IHC screening, many of the clinicians I spoke to stated that they did not: "The current procedures are that if you've got a tumour, the pathologist can do what he wants to it, no one ever suggests that he should ask the patient for permission to do it" (Her2 Clinician Researcher 12 ).
The point is that when a tumour biopsy is done, patients are told that a number of different tests will be run on this material. The question is, why should a HER2 test be singled out for specific attention? One answer might be that HER2 status is known to be a prognostic factor, and that patients may wish to know that such a 'predictive' test is being carried out. The problem is, that most of the tests carried out on tumour material have some prognostic role:
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In that sense, information on HER2 "will just be added into the equation, trying to make a more accurate determination of what that individual's prognosis is" (HER Clinician
Researcher 1).
While much of the literature about Herceptin suggests that HER2 over-expression is a powerful predictor of disease outcome, it seems to play a much lower-key role in the decision-making processes of these clinicians:
"it's not like the difference between being node-negative and node-positive, or having a grade 3 rather than a grade 1 tumour, I think it [giving HER2 status] is a needless complication of managing people who are already over-loaded with information. Information over-loading in cancer patients is beginning to be a big issue, I think" (HER Clinician Researcher 6). This is in direct contrast to what little writing there has been on the ethics of Herceptin which has tended to highlight the special nature of HER2 testing:
"as soon as a patient with breast cancer submits her trastuzamab [Herceptin] prescription, the pharmacist and the cashier, as well as the data entry clerk, the claims adjuster, and any number of additional personnel involved in health care administration and reimbursement will by inference, know that patient's HER-2-expressor status" (Lindpaintner, Foot, Caulfield, and Hall 2001: 81) For clinicians in the UK's National Health Service, at least, there is little support for this kind of exceptionalism in the case of HER2 testing, which is seen as just adding more information to the prognostic process, rather than being a make-or-break test. Rather than assuming that ethical theory can settle this debate, perhaps coming down on the side of those commentators who feel that HER2 testing is somehow privileged, a contextual perspective will try and see the problem from 'inside-out'. We could claim that the This is a pre-copy edited draft. Page numbers do not correspond with final version. Please do not distribute or cite clinicians' attitudes towards what they tell patients are a simple example of good old fashioned paternalistic medical practice, exactly the kind of thing that medical ethics has been fighting against for the past few decades. Alternatively we could see things from the clinicians' perspective; by not informing their patients about the nature of the test their tissue is about to undergo, their ethical position is underpinned by both practical and epistemological considerations.
Epistemologically, a HER2 test, although a genetic test, is not a test for a gene like APOE4. HER2 over-expression is not inherited, and the result of an individuals' test tells us nothing about their relatives' chances of developing HER2 over-expressing breast cancer. APOE4 is inherited, and thus carries with it quite different ethical concerns.
Given this status, quite understandable practical considerations result: if HER2 does not carry with it particular ethical problems, then why should clinicians single it out from the range of other tests run on breast tissue? If it is not singled out then either nothing is said at all, or alternatively, clinicians ought to give their patients in-depth information about each and every test that is going to be performed on their biopsy. This in turn raises issues about how clinicians should best use their time. In the light of these practical considerations, current clinical practice, where patients are informed that some test will be run on their material, but the specific nature of these tests is not spelled out begins to make more 'ethical sense'.
Beyond this, the ethical status of a test is tentative and contingent, dependent in part on whether there is a form of intervention that could be used. For clinicians and others working with Herceptin, such as Pharmacists, one of the most important justifications for the use of HER2 testing is that it then leads onto an intervention. Simply testing a tumour for HER2 status, without access to Herceptin, is of little use:
"there's a world of difference between testing something which might predict the likelihood of a disease or course of that disease when you can't do anything about it, and testing for something because it dictates how you treat something, so it is interesting...it still does have implications; things like insurance and people's This is a pre-copy edited draft. Page numbers do not correspond with final version. Please do not distribute or cite 18 mental well-being, suddenly changes when you actually have an intervention you can make" (Her2 Pharmacist 2).
Viewed from within the clinic, the availability of an intervention changes the moral status of a diagnostic test:
"in the UK [testing] just hasn't [taken off]... because people can say well we don't really think it makes a difference to management, then there wasn't the mentality to do it. Now I think we have to because you need to know whether that patient down the road is someone who might benefit from the licence indication of the drug" (Her2 Clinician-researcher 4).
Yet even the ethical role of interventions depends upon the context. In the case of Alzheimer's disease, even if the test aids the use of an intervention, the professional ethical consensus still resists it's application.
Trust in Numbers:
The second theme that comes out of empirical research into the ethics of pharmacogenetics, is who gets access to new treatments, and how are these decisions made. In the case of Alzheimer's disease, a major reason for resistance to pharmacogenetics offered up by Alzheimer's professionals is the weakness of the link between APOE4 and non-response to Tacrine. The original Poirier study found that 60% of APOE4 carriers failed to respond to Tacrine after 30 weeks, which means that 40% the carriers did respond. Since E4 carriers make up between 55-70% of Alzheimer's patients, using genetic testing to screen-out E4 carriers as 'non responders' could deny what are still the only licensed drugs for this condition to two-thirds of all patients, when 40% of them (perhaps 28% of the total) may respond.
As far as the clinicians I spoke to were concerned, these kinds of odds are not good enough to deny someone treatment: "Even if there was a 20%, a 10% chance of someone going to get a benefit, well if you were that individual, or closely related to that individual, you'd probably take your chance" (AD Clinician Researcher 5 Of course prescribing policies get set by healthcare providers and funders, and my interviewees accept that "if there were definitive tests that would predict response on a genetic basis, you would get a pressure on from above, at health authority and government level to focus prescribing" (AD Clinician Researcher 4). And such decisions, made at the population level, "needn't necessarily be congruent with the wishes and needs of the individual, or people closely related to that individual" (AD Clinician
Researcher 5). In this sense, the needs of the individual patient are in conflict with those of society at large.
In the case of Herceptin, the pharmacogenetic product is currently being prescribed by clinicians, so in many ways it is subject to the kinds of bureaucratic pressures these interviewees are talking about. These go beyond the issues involved in any normal expensive treatment; the point about pharmacogenetics is that a test will be required for the drug to be prescribed properly. As a result, the current devolution of budgets within healthcare providers can cause problems: "although the Trust has given us funding for the drug, they haven't given us any funding for the HER-2 testing so... we're struggling at the moment to try and get some funding for our pathology department to go on to do the HER-2 testing which is not something that's being done routinely" (HER2 Clinician incentives into a culture of practice" (Zussman 2000: 9) .
Here the problem is the inverse of that in Alzheimer's disease: rather than clinicians being resistant to a new technology, breast cancer clinicians are keen to prescribe Herceptin, though they realise this needs to be done in such a way as to be acceptable to healthcare funders.
Conclusions
What this small selection of data from my interviews suggests is that introducing pharmacogenetics into the clinic maybe a far more complicated procedure than most commentators seem to admit. Yet to read most of the literature on pharmacogenetics, while there might be ethical problems with developing products and the storage of genetic material, the actual clinical use of testing is presented as relatively unproblematic.
The contextual approach to ethical issues that I advocated at the beginning of this article turns traditional bioethics on its head: rather than coming to a technology with a set of concepts or an ethical theory in hand, this approach starts from the clinical experience, looking at the ethical aspects of pharmacogenetics as seen by those people beginning to use this new technology. We then need to move outwards, beyond the particular case, to see whether these cases have anything to teach us about theory.
The strongest theoretical element that comes out of this discussion is the role of clinicians' 'resistance' to various aspects of pharmacogenetics. In this context, I am borrowing Beeson and Doksum's development of Foucault's ideas, with resistance being a political terms referring to "elements of discourse that seem to conflict with or evade more dominant assumptions and priorities" (Beeson and Doksum, 2000: 155) . In the case of Alzheimer's disease, clinicians resistance centres on the actual introduction of the technology itself, while in Breast Cancer, clinicians are largely welcoming of Herceptin as a new weapon in their armoury against cancer. In this case, the resistance focuses on the nature of the Her2 test, with clinicians rejecting the notion that it is in some way special or different. But both sets of professionals are extremely knowledgeable about the treatment being proposed, and it is this aspect of 'knowledgeable resistance'. But this cry for genetic literary looks a bit odd in the light of my research data. All the clinicians and clinician-researchers I interviewed were extremely genetically literature.
Some of the people I spoke to had been involved in the early studies of APOE and Alzheimer's risk. Yet these people were also highly resistant to aspects of pharmacogenetics. At the very least this undermines the, frankly simplistic, idea that to get professionals to engage with a new technology, we just have to educate them about it.
Professional resistance, if it is to be overcome, can only be dealt with by actually engaging with those ethical and structural issues that professionals are concerned about.
When we think about how new technologies get implemented in the clinic, and the ethical problems that may arise, we need to bear a number of points in mind. In the same way that pharmacogenetics is a reaction against the 'one-size-fits-all' approach to pharmaceutical prescription, it may make sense to accept that the varied and contingent nature of different clinical cultures means that a similar approach to the ethical problems raised by pharmacogenetics may not be that productive. To assume that a broad and heterogeneous technology like pharmacogenetics will be problematic in the same way, where ever it is used, is a touch simplistic. Even the theoretical concept of 'resistance'
cannot be unequivocally applied to all examples of the technology. Will clinicians resist pharmacogenetics when it is used to avoid potentially lethal adverse drug reactions?
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As a result, we need to approach the ethical issues raised by pharmacogenetics on a case by case basis, mapping out the kinds of problems that arise when the technology is used, rather than adding to the already expansive speculations surrounding this technology.
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